Öner -Aykutlu: The effect of maize-soybean intercropping systems on a set of technological and physiological properties - Abstract. This study set out to determine which seeding rate produces the maximum grain yield through the monocropping and intercropping of maize and soybeans using different seeding rates on the research and land of the Faculty of Agriculture, Ordu University, in 2016. To this end, the study used a randomized block experimental design with three replications.
Introduction
Maize or corn occupies an important place both in Turkey and throughout the world because it has greater adaptability and the highest yield among cereals. 35% of the maize produced in Turkey is used in human nutrition, 30% in animal nutrition, 20% in the feed industry, and 15% in other areas (Gençtan et al., 1995) . Maize is also a good source of energy because the majority of maize (corn grains) is composed of starch. Not only is corn starch obtained from maize, but also corn gluten meal and bran are manufactured from maize embryos for use in the oil and feed industry (Hallauer, 2001 ). The widespread use of oil and starch as bioenergy and the high yield of the maize plant have led to maize manufacture in every region where climatic conditions allow (Abbasi and Abbasi, 2010) .
Soybean plants consist of 18 to 26% fat and 40% protein. The quality of soybean oil is increased by the high amount of oleic and linoleic fatty acids and the low amount of linolenic fatty acids. By-products obtained from soybean (flour, lecithin, protein, and fat) are used as raw materials in the industry (Cole and Erdahl, 2018) . A wide range of products are manufactured from soybeans, including coffee cream, cooking oil, margarine, mayonnaise, medication, pharmaceuticals, salad dressing, anti-corrosion agents, anti-static agents, construction materials, ink printing materials, epoxies, fungicides, soap, detergents, bread, confectionery, biscuits, soya coffee, packaging foils, antibiotics, textiles, cat and dog foods, and fish feed (Endres, 2001 ).
In the world and in Turkey, the limited possibility of increasing the number of cultivable agricultural areas and the rapid increase in population have caused to agricultural workers to seek ways to exploit the maximum amount of agricultural land. Intercropping is one of these ways. Intercropping is recommended in order to produce greater and more balanced yield from unit area and to bolster defence against weeds (Acar et al., 2006) .
Intercropping is an effective alternative for the prevention of loss within a complete growing season. The objective of intercropping is to create beneficial biological interactions between plants. Using legumes, it improves soil fertility through biological nitrogen fixation and ensures better soil conservation than monocropping. Ecological resources can be used better and far superior efficiency can be achieved in intercropping compared to monocropping. Having said that, there is a competition between intercropped inter-and intra-species for water, light, and nutrients. Therefore, it is of utmost importance to determine appropriate species and the ratio of crop mixtures in order to gain the expected benefit from intercropping (Lithourgidis et al., 2011) .
Against this background, the purpose of the present study is to identify the effects of sole-cropped and intercropped maize and soybeans on a set of technological and physiological properties, which are manufactured to obtain material in primarily human nutrition and secondly animal nutrition.
Material and method
The trial was conducted on the research and land of the Faculty of Agriculture, Ordu University, in 2016. The land is located at 40°58ʹ13.4ʺN latitude and 37°56ʹ16.6ʺE longitude at an altitude of three meters (Fig. 1) . During the vegetation period of maize and soybean, the total precipitation at the trial site is 474.7 mm, the average temperature is 19.7 o C, and the average humidity is 74.3%. During the vegetation period of maize and soybean in 2016, the total precipitation at the trial site was 624 mm, the average temperature was 22.1 o C, and the average humidity was 68.3%. The total precipitation and average temperature recorded in the year of trial 2016 are above the average of long years and the average humidity is below the average of long years . According to the results of soil analysis, the soil sampled from the trial site is clayey and neutral in terms of soil reaction and has a moderate amount of organic matter. Its less chalky soil is also less chalky and more saline.
The present study used Arısoy soybean seed variety supplied from the Black Sea Agricultural Research Institute, and SY Inove maize seed supplied from a private seed company. The trial was established in Ordu on June 13, 2016, under ecological conditions of the main crop. The study used a randomized block experimental design with three replications. The plots at the trial site were seeded with sole crops of maize and soybean, intercropped maize and soybean. ). An inter-row spacing of 70 cm was maintained for all row arrangements. An intra-row spacing of 20 cm was maintained for both the distinct row intercrops and the sole crop of maize. An intra-row spacing of 5 cm was maintained for both the distinct row intercrops and the sole crop of soybean. Fertilization was carried out on the basis of the three periods of the growing cycle of maize and soybean. Diammonium phosphate (DAP, 18.46.0) was used as the bottom fertilizer and calcium ammonium nitrate (CAN, 46%). Table 2 describes the time and amount of fertilizers applied to the plots. Hoeing and weeding were done, when necessary, to control weeds and air the soil on all sole-cropping and intercropping plots. According to crop water needs, crops were irrigated four times using springer irrigation system: the time when crops attain a height of 20 cm, at maize tasseling and soybean flowering stages, at pollination stage, and at maize dent and soybean seed-filling stages.
Technological and physiological measurements made in the experiment are given in Table 3 . Digimizer is determined using the package program.
Ash Content
The grains of 10 plants were randomly harvested from each parcel and ground to a 1 mm sieve. Calculation of ash ratio calculated using the formula given below
Protein content, Crude fat content
The grains of 10 plants taken from each parcel were randomly blended and identified in nongrinded samples using the IC-1020WE maize calibration kit in the "Near Infrared Reflection" (NIRS) device.
The grains of 10 plants were randomly harvested from each plot and were determined in the non-grinded samples using the IC-0923FE soybean calibration set in the Near Infrared Reflecting" (NIRS) device.
Fatty acids
The grains of 10 plants randomly collected from each plot were blended and the amount of fatty acids was determined as % in Gas Chromatography.
Grain Yield
In 10 plants randomly collected from each plot, the grains are blended and the grain moisture is arranged according to 14%. 10 plant yield per hectare multiplied by the number of plants and yield per hectare
The land equivalent ratio (LER) was calculated as the sum of the relative yields of maize and soybean in the intercropping plots to the monocropping plots using the following equation: LER = LERsoy+LERmaize =Yint-soy +Yint-maize Ymono-soy Ymono-maize where Yint-soy, Ymono-soy, Yint-maize, and Ymono-maize are the grain yields (kg ha -1 ) of intercropped soybean, monocropped soybean, intercropped maize, and monocropped maize, respectively.
After crops attained full maturity, they were harvested October 25, 2016 (Fig. 2) . After edges of 50 cm were cut to avoid edge effect during harvesting, technological properties were analyzed on 10 crops randomly selected among maize and soybeans. LER values were calculated for the seeding plots to determine the efficiency of the land use by dividing the intercrop yields of maize and soybean to the sole yields of maize and soybean and then adding two values. SAS-JMP 10.0 statistical software was used to run an analysis variance on the values based on a randomized block experimental design. The Least Significant Difference (LSD) test was used to measure significant differences between means. http 
Results and discussion

Chlorophyll Concentration Index (CCI) of Maize
Considering the effect of intercropping on the chlorophyll concentration content of the maize plant, no significant difference was found. The CCI varied from 45.50 to 50.93. The lowest CCI was observed in the sole-cropped maize, while the highest CCI was observed in two rows of soybean intercropped with one row of maize. The mean CCI of the intercropped maize was found to be 47.91 (Table 4) 
CCI of Soybean
Considering the effect of intercropping on the chlorophyll concentration content of the soybean plant, no significant difference was found. The CCI varied from 42.33 to 44.43. The lowest CCI was observed in the sole-cropped soybean, while the highest CCI was observed in three rows of soybeans intercropped with one row of maize. The mean CCI of the intercropped soybean was 43.30 ( Table 5) .
Sole cropping of corn had the least chlorophyll content, while in all intercropping treatments especially when corn was in neighboring of soybean, chlorophyll content of corn significantly increased (Amini et al., 2013). 
Maize Leaf Area (cm 2 )
Considering the effect of intercropping on the leaf area of the maize plant, no significant difference was found. The leaf area of maize varied from 360.51 cm 2 to 510.19 cm 2 . The smallest leaf area was observed in one row of soybean intercropped with two rows of maize, while the largest leaf area was observed in three rows of soybean intercropped with one row of maize. The mean leaf area of the intercropped maize was 433.08 cm 2 ( Table 4) . Our results on the maize leaf area are above those reported to be 305.96 -325.62 cm 
Soybean Leaf Area (cm 2 )
Considering the effect of intercropping on the leaf area of the soybean plant, no significant difference was found. The leaf area of soybean varied from 32.41 cm 2 to 41.38 cm 2 . The smallest leaf area was observed in the sole-cropped soybean, while the largest leaf area was observed in two rows of soybean intercropped with one row of maize. The mean leaf area of the intercropped soybean was 37.16 cm 2 ( 
Maize Ash Content (%)
The effect of intercropping on the ash content of the maize plant was found to be statistically significant (P<0.05). The ash content of maize varied from 5.76 to 9.30%. The lowest ash content was observed in one row of soybean intercropped with one row of maize, while the highest ash content was observed in two rows of soybean intercropped with one row of maize. The mean ash content of the intercropped maize was 7.96% ( Table 4) .
Our results on the maize ash content are above those reported to be 1.46 -1.81% in Lucchin et al. (2003) , and those reported to be 1.08 -2.22% in Moreno et al. (2015) .
Soybean Ash Content (%)
The effect of intercropping on the ash content of the soybean plant was statistically insignificant. The ash content of soybean varied from 9.67 to 10.82%. The lowest ash content was observed in three rows of soybean intercropped with one row of maize, while the highest ash content was observed in one row of soybean intercropped with one row of maize. The mean ash content of the intercropped soybean was 10.36% ( Table 5) . Our results on the maize ash content are above those reported to be 1.99 -18.74% in Ahmad et al. (2016) .
Maize Protein Content (%)
The effect of intercropping on the protein content of the maize plant was statistically insignificant. The protein content of maize varied from 9.26 to 10.77%. The lowest protein content was observed in the sole-cropped maize, while the highest protein content was observed in two rows of soybean intercropped with one rows of maize. The mean protein content of the intercropped maize was 10.20% (Table 4) .
Our results on the maize protein content are consistent with those reported to be 7.94 -10.61% in Bekele and Rao (2014), while they are below those reported to be 11.02 -12.73% in Öner et al. 
Soybean Protein Content (%)
The effect of intercropping on the protein content of the soybean plant was statistically significant (P<0.05). The protein content of soybean varied from 42.92 to 45.38%. The lowest protein content was observed in three rows of soybean intercropped with one row of maize, while the highest protein content was observed in one row of soybean intercropped with one row of maize. The mean protein content of the intercropped soybean was 44.08% (Table 5) .
Our results on the soybean protein content are consistent with those reported to be 44.30 -47.20% in Şenyiğit et al. (2015), while they are above those reported to be 32.27 -33.87% in Aydemir and Kızılşimşek (2018).
Maize Crude Fat Content (%)
Considering the effect of intercropping on the crude fat content of the maize plant, no significant difference was found. The crude fat content of maize varied from 3.35 to 4.85%. The lowest crude fat content was observed in one row of soybean intercropped with two rows of maize, while the highest crude fat content was observed in one row of http://www. 
Soybean Crude Fat Content (%)
The effect of intercropping on the crude fat content of the soybean plant was statistically significant (P<0.05). The crude fat content of soybean varied from 19.65 to 20.77%. The lowest crude fat content was observed in one row of soybean intercropped with one row of maize, while the highest crude fat content was observed in three rows of soybean intercropped with one row of maize. The mean crude fat content of the intercropped soybean was 20.10% ( Table 5) .
Our results on the soybean crude fat content are consistent with those reported to be 17.54 -19.90% in Kan et al. (2011) , while they are below those reported to be 22.06 -24.67% in Dolapçı (2012) but above those reported to be 12.00 -14.00% in Karagül et al. ( 2011) .
Maize Palmitic Acid Content (%)
Palmitic acid is the second most common saturated fatty acids, following oleic acid. Palmitic acid composes 15 -50% of fatty acids found in most fats (Kale et al., 2017). The effect of intercropping on the palmitic acid content of the maize plant was statistically insignificant. The palmitic acid content of maize varied 12.17 to 13.12%. The lowest palmitic acid content was observed in one row of soybean intercropped with three rows of maize, while the highest palmitic acid content was observed in the solecropped maize. The mean palmitic acid content of the intercropped maize was 12.45% ( Table 6) .
Our results on the maize palmitic acid content are consistent with those reported to be 12.79 -15.55% in Akıncı et al. (2011) , while they are above that reported to be 11.20% in Kan et al. (2011) . 
Maize Stearic Acid Content (%)
The effect of intercropping on the stearic acid content of the maize plant was also statistically insignificant. The stearic acid content of maize varied from 1.98 to 2.44%. The lowest stearic acid content was observed in one row of soybean intercropped with three rows of maize, while the highest stearic acid content was observed in one row of soybean intercropped with one row of maize. The mean stearic acid content of the intercropped maize was 2.15% ( Table 6) .
Our results on the maize stearic acid content are consistent with that reported to be 1.88 -2.13% in Kaplan et al. (2017) , while they are below those reported to be 2.87 -3.50% in Akıncı et al. (2011) .
Maize Oleic Acid Content (%)
Oleic acid is the most common fatty acid in nature. More than half of the fatty acids in most fats is oleic acid. It is quite rare that oils have less than 10% oleic acid. All natural oils and phospholipids known to date have oleic acid (Kaplan et al., 2017) .
The effect of intercropping on the oleic acid content of the maize plant was also statistically insignificant. The oleic acid content of maize varied from 23.86 to 24.95%. The lowest oleic acid content was observed in one row of soybean intercropped with three rows of maize, while the highest oleic acid content was observed in two rows of soybean intercropped with one row of maize. The mean oleic acid content of the intercropped maize was 24.61% ( Table 6) .
Our results on the maize oleic acid content are consistent with that reported to be 24% in Lambert (2000) , while they are below that reported to be 20 -50% in Olmos et al. (2018) .
Maize Linoleic Acid Content (%)
The effect of intercropping on the linoleic acid content of the maize plant was also statistically insignificant. The linoleic acid content of maize varied from 58.97 to 60.90%. The lowest linoleic acid content was observed in the sole-cropped maize, while the highest linoleic acid content was observed in one row of soybean intercropped with three rows of maize. The mean linoleic acid content of the intercropped maize was 59.72% (Table 6) .
Our results on the maize linoleic acid content are above those reported to be 41.84 -50.70% in Betancourt et al. (2017) .
Maize Linolenic Acid Content (%)
The effect of intercropping on the linolenic acid content of the maize plant was also statistically insignificant. The linolenic acid content of maize varied from 0.91 to 1.13%. The lowest linolenic acid content was observed in one row of soybean intercropped with one row of maize, while the highest linolenic acid content was observed in the sole-cropped maize. The mean linolenic acid content of the intercropped maize was 1.01% (Table 6) .
Our results on the maize linolenic acid content are consistent with that reported to be 0.65-0.95% in Betancourt et al. 
Maize Unsaturated Fatty Acid Content (%)
Unsaturated fatty acids have double bonds (Ramos et al., 2009 ). The effect of intercropping on the unsaturated fatty acid content of the maize plant was also statistically insignificant. The unsaturated fatty acid content of maize varied from 84.62 to 85.84%. The lowest unsaturated fatty acid content was observed in the sole-cropped maize, while the highest unsaturated fatty acid content was observed in one row of soybean intercropped with three rows of maize. The mean unsaturated fatty acid content of the intercropped maize was 85.37% ( Table 7) .
Maize Saturated Fatty Acid Content (%)
Saturated fatty acids have no double (Ramos et al., 2009 ). The effect of intercropping on the saturated fatty acid content of the maize plant was also statistically insignificant. The saturated fatty acid content of maize varied from 14.15 to 15.37%. The lowest saturated fatty acid content was observed in one row of soybean intercropped with three rows of maize, while the highest saturated fatty acid content was observed in the solecropped soybean. The mean saturated fatty acid content of the intercropped maize was 14.61% ( Table 7) . 
Maize Unsaturated to Saturated Fatty Acid Ratio (%)
The most important property that determines the quality of vegetable fats is the ratio of the total amount of unsaturated fatty acids to the total amount of saturated fatty acids. The effect of intercropping on the unsaturated to saturated fatty acid ratio of the maize plant was also statistically insignificant. The unsaturated to saturated fatty acid ratio of maize varied from 5.50 to 6.08%. The lowest ratio was observed in the sole-cropped maize, while the highest ratio was observed in one row of soybean intercropped with three rows of maize. The mean unsaturated to saturated fatty acid ratio of the intercropped maize was 5.84% ( Table 7) .
Soybean Palmitic Acid Content (%)
The effect of intercropping on the palmitic acid content of the soybean plant was statistically insignificant. 
Soybean Stearic Acid Content (%)
The effect of intercropping on the stearic acid content of the soybean plant was also statistically insignificant. The stearic acid content of soybean varied from 3.81 to 4.28%. The lowest stearic acid content was observed in the sole-cropped soybean, while the highest stearic acid content was observed in three rows of soybean intercropped with one row of maize. The mean stearic acid content of the intercropped soybean was 3.99 % ( Table 8) .
Our results on the soybean stearic acid content are consistent with those reported to be 3.60 -4. 
Soybean Oleic Acid Content (%)
The effect of intercropping on the oleic acid content of the soybean plant was also statistically insignificant. The oleic acid content of soybean varied from 19.86 to 20.29%. The lowest oleic acid content was observed in one row of soybean intercropped with one row of maize, while the highest oleic acid content was observed in three rows of soybean intercropped with one row of maize. The mean oleic acid content of the intercropped soybean was 19.98% (Table 8) .
Our results on the maize oleic acid content are consistent with that reported to be 20.09 -20.88% in Sultan et al. (2015) , while they are below those reported to be 22.20 -25.90% in Kan (2011) .
Soybean Linoleic Acid Content (%)
The effect of intercropping on the linoleic acid content of the soybean plant was also statistically insignificant. 58.98%. The lowest linoleic acid content was observed in three rows of soybean intercropped with one row of maize, while the highest linoleic acid content was observed in two rows of soybean intercropped with one row of maize. The mean linoleic acid content of the intercropped soybean was 58.50% (Table 8) .
Our results on the maize linoleic acid content are below those reported to be 50.30 -54.30% in Kan (2011) .
Soybean Linolenic Acid Content (%)
The effect of intercropping on the linolenic acid content of the soybean plant was also statistically insignificant. The linolenic acid content of soybean varied from 6.58 to 7.07%. The lowest linolenic acid content was observed in two rows of soybean intercropped with one row of maize, while the highest linolenic acid content was observed in the sole-cropped soybean. The mean linolenic acid content of the intercropped soybean was 6.83% ( Table 8) .
Our results on the soybean linolenic acid content are consistent with those reported to be 6.30 -7.62% in Arıoğlu et al. (2012) , while they are below those reported to be 7 -10 % in Kim et al. (2015) .
Soybean Unsaturated Fatty Acid Content (%)
The effect of intercropping on the unsaturated fatty acid content of the soybean plant was also statistically insignificant. The unsaturated fatty acid content of soybean varied from 84.92 to 85.54%. The lowest unsaturated fatty acid content was observed three rows of soybean intercropped with one row of maize, while the highest unsaturated fatty acid content was observed in two rows of soybean intercropped with one rows of maize. The mean unsaturated fatty acid content of the intercropped soybean was 85.33% ( Table  9) .
Our results on the soybean unsaturated fatty acid content are consistent with those reported to be 82.02 -84.93% in Arıoğlu et al. (2012) , while they are below those reported to be 88.12 -88.58% in Sultan et al. (2015) .
Soybean Saturated Fatty Acid Content (%)
The effect of intercropping on the saturated fatty acid content of the soybean plant was also statistically insignificant. The saturated fatty acid content of soybean varied from 14.45 to 14.99%. The lowest saturated fatty acid content was observed in two rows of soybean intercropped with one row of maize, while the highest saturated fatty acid content was observed in three rows of soybean intercropped with one row of maize. The mean saturated fatty acid content of the intercropped soybean was 14.64% ( Table 9) .
Our results on the soybean saturated fatty acid content are consistent with those reported to be 13.59 -16.88% in Arıoğlu et al. (2012) , while they are below those reported to be 17.60 -20.36% in Barış (2016) but above those reported to be 11.42 -11.80% in Sultan et al. (2015) .
Soybean Unsaturated to Saturated Fatty Acid Ratio (%)
The effect of intercropping on the unsaturated to saturated fatty acid ratio of the soybean plant was also statistically insignificant. The unsaturated to saturated fatty acid ratio of soybean varied from 5.66 to 5.91%. The lowest ratio was observed in three rows of soybean intercropped with one row of maize, while the highest ratio was observed in http://www. The effect of intercropping on the grain yield of the maize plant was found to be statistically very significant (P<0.01). The grain yield of maize varied from 32.01 kg ha -1 to 89.52 kg ha -1 . The lowest grain yield was observed in three rows of soybean intercropped with one row of maize, while the highest grain yield was observed in the sole-cropped maize. The mean grain yield of the intercropped maize was 63.20 kg ha -1 (Table 10) .
Our results on the maize grain yield are consistent with those reported to be 37.00 -51.00 kg ha 
Soybean Grain Yield (kg ha -1 )
The effect of intercropping on the grain yield of the soybean plant was also found to be statistically very significant (P<0.01). The grain yield of soybean varied from 10.36 kg ha -1 to 61.11 kg ha -1 . The lowest grain yield was observed in one row of soybean intercropped with two rows of maize, while the highest grain yield was observed in the sole-cropped soybean. The mean grain yield of the intercropped soybean was 33.59 kg ha -1 (Table 10) 
Conclusions and Suggestions
The study has found significant differences between the applied cropping systems in terms of the maize ash content, soybean protein content, and soybean crude fat content but not in terms of the grain yields of maize and soybean. Considering the analysis results and LER values together, three rows of soybean intercropped with one row of maize were found to be the most appropriate intercropping system. However, this study needs to be carried out for 1 to 2 years for a more precise recommendation. In line with the findings of the study, further work could assess different systems of cropping and focus on the fodder and silage capacity of intercropped maize and soybean rather than grain yield.
